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»\yOOL SaUDISS WI'TH II!\HB0UILL3T SH3EP 
Fred S« Hultz 
Introduction 
The Raabotiillet "breed of sheep is the most popular as a source of 
supply for rams used on the great western sheep "breeding ranges. It is 
known that at the present tine, a high percentage of all pure"bred Rapobouil-
lets are "bred west of the Missouri Hiver, A few la'boratory studies have 
"been conducted at the Texas and U. S# Sheep Sxperiment Stations pertaining 
to fleece weights and scouring characteristics of fleeces from this "breed 
{13)» So studies which deal with the relationship "between such fleece char­
acteristics as staple length, fi"ber length, crirap, fineness, density, 
scoured content, and uniformity of fleece, have "been found in the literature. 
(Ehe experiments with Hamhouillets reported here were undertaken in order to 
throw light upon; 
a. How much entphasis a competent judge places upon each of the fleece 
characteristics usually accepted as important in the selection of Hambouillet 
"breeding stock, and 
"b. \aiat represents a high standard of excellence in Ham"bouillet 
sheep when mechanical measurements are used as a basis for differentiation. 
The selection of a judge for making the rankings was based upon repu­
tation as a successful judge and breeder of Rambouillets, scope of Hambouil­
let sales at home and abroad, and the extent of show yard winnings at the 
major exhibitions. 
*This report is from part of a research submitted to the graduate facility of 
the Iowa State College in candidacy for the degree of Doctor of Philosophy. 
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Besides the nwin oljjectives it icp,s hoped that soiae infonaation misht 
"be contributed which would add to our knowledge of fiber measurezaents, crimps 
in wool fibers, variation in density of fleece, and fleece uniformity. 
Measurements of diameter of fine wool fibere axe recorded in text­
books (14). It appears that these records originate from measurements taken 
several decades sso and that recent literature contains meager information 
on the subject. In teachin(5 sheep judgii^s* we hare, for esemple, for years 
assumed that the number of crin^js in a wool fiber determines to a consider­
able degree the fineness of that fiber, but laboratory evidence confirmir-g 
this assumption is very limited. The degree of variation in fineness,, in 
density of fiber, snd in crimps, as found on various body localities, is 
QTxite noticeable in some Hambouillets. Shis variation is reflected in the 
price paid for the wool when it appears on the market. The parts of the 
fleece containing coarser fibers, such as the breech, must be sorted out, or 
the whole fleece may go into a lower grade. The questions arise, "Do the 
better purebred Hambouillet sheep show more or less variation in these char­
acteristics? Has the breeder been successful in eliminating variation and 
substituting Tioiformity?" 
The judge of Hamboxdllets may attempt to determine the degrees of 
fineness, density, staple length, crimp, yield of clean wool, uniformity of 
fiber throughout the body, and fiber length when he examines the fleece on 
a sheep. The judge's final aim is toward the greatest amount of clean wool 
of the highest q,uajLity. All of the factors enumerated above may be associated 
with weight and quality of fleece. It should be instructive to know which of 
these factors receives the greatest en^Jhasis in judgement. 
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Eiie Wyoniiig Experiment Station, has studied wool in the field and in. 
the laboratory continuously since 1907. These studies, some of them as yefc 
xmpuhlished, form a "background for the experiments reported in this paper. 
Methods 
The services of lv!r. J. H. King, of Sing Brothers Company, Laramie, 
Wyoming, were secured for the purpose of ranking both the sheep and the 
fleeces on the sheep's "backs. 3ach sheep was ranked on fleece alone as "be­
ing first, second, third, or fourth class. 3ach sheep was then ranked on 
body conformation (including "type" but not fleece) as being first, second, 
third, or fourth class. Mr. King was not informed as to what characteris­
tics would be studied in the laboratory, nor was the ranking discussed by 
those who were present when he ranked the sheep. The forty-two head on 
which his judgment was obtained consisted of sheep owned by King Brothers 
Congjany and by the "ffniversity of Wyoming. laany of the King sheep had show 
records, including: 
Chac^jion, 1st, 2d, 3d, 4th, and 5th, International Livestock Exposi­
tion. 
Champion, 1st, 2d, 3d, 4th, and 5th, Kansas City Hoyal* 
Champion, 1st, 2d, and Sd, Wyoming and Colorado State Pairs. 
Heserve Champion, Ist, and 2d, Ogden 'winter Stock Show. 
Since several of the King sheep sampled were lambs and had not been 
shown and since none of the University sheep had been shown, no attempt was 
made to correlate show yard winnings with laboratory studies. These winnings 
are, however, evidence of the ertreme high quality of the sheep studied, for 
DIAGRAM SHOWING LOCATION OF WOOL SAMPLES. 
1 Shoulder. 2 Belly. 3 Thigh. 
the sheep that were not shown ranked as high in many instances as those which 
had been shown# 
As each sheep was ranked, three samples of wool were taken, one each 
from the middle of the shoulder, bottoa of the thigh, and mid-helly. These 
samples were taken from a one-half inch square of skin area measured with 
calipers, and were clipped close to the skin. Special care was observed to 
secure the samples from the same relative location on each sheep. 3ach sam­
ple was placed in a separate envelope, on which was noted; 
a. The flock number, sex, and age of sheep. 
b. The rankings of fleece and sheep made by Mr. King. 
c. The location from which san^le was taken. 
d. The growth of fleece (in months). 
e-. The sheep *3 show record. 
The laboratory studies were conducted with the use of technique which 
is given in detail below. These methods were developed by the ^ ool Department 
of the Wyoming Scperiment Station. The analysis of one sample was completely 
run before another was begun. 
Staple Length - Preparation of the Sajig)le8. Each san^jle was measured 
for staple length before scouring. A steel rule calibrated in tenths of 
inches was used for this purpose. Later each measurement for staple length 
was corrected to a basis of twelve months* growth. 
3ach sample was scoured in a stock soap solution, then dried in ordi­
nary room temperature. Care was taken during scouring to keep the wool 
fibers parallel. The tip ends of fibers protruding from the general bulk of 
the sample were trimmed off after drying so the operator might not be inclined 
to select these fibers first the laboratory operations. The sample 
was then spread flat, the two outer edges placed together, the sample par­
tially rolled toward the edges and placed ia a U-shaped cardboard fold held 
firm with a paper clip. 
Piber Length and Crimps. Five fibers were pulled from the scoured 
sample, one at a time, and measured for length when stretched just suffi­
ciently to straighten then. These five measurements were used for an average 
fiber length and were corrected to a basis of twelve months* growth. 
Sach of the above fibers was held against a background so that the 
number of crimps in a one-half inch section might be counted at three places 
on each fiber. An average of the three counts for each of the five fibers 
was used to describe the number of crixaps per one-half inch. 
3)iameter of Fiber. A Brown and Sharpe machinist's caliper calibrated 
in ten-thousandths of an inch was used for measuring the diameter of the 
fibers* 2he fibers were taken from the two edges of the sample in sach a man­
ner as to eliminate any tendency on the part of the operator to select the 
larger fibers. Since the method of pulling and holding each fiber was always 
the same, the measurement was taken at nearly the same point on each fiber— 
about midway between tip and base. A Teeder counter was used, which fur­
nished a constant tally of the number of fibers that had beai counted. One 
hmdred fibers were measured from each sample and the measurements were 
recorded in the form of a frequency distribution. 
Sensily. In order to calculate the number of fibers in the one-half 
inch sqtiare area represented by the sas^jle, the one hiindred fibers used in 
measuring fineness of fiber were utilized. She formula used for the calcu­
lated density was: 
Calculated density-- Yift. of sample including the 100 fibers X 100 
lit, of the 100 fibers 
The wool samples were placed in a glass flask for weighing and were 
weired in a room especially constructed to provide constant conditions of 
temperature and huiaidity. Since the large and small portions of the samples 
were weighed in the same flask at the same time, the same moisture conditions 
existed for "both. Checks against the calculated density "by actual count in 
the Wyoming wool laboratory show a small error~six-tenth3 of one per cent 
(17). 
Results 
Table I shows the complete results obtained by the laboratory analy­
sis. It is included in this publication so that the tables shovdng averages 
which follow may be more comprehensible. Since each type of measurement 
will be discussed separately. Table I will serve as a reference table only. 
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S 8921 I II Shoulder 
• 
m 
2*05 : 3.42 15.6 6.01 9794 
Belly 2.22 : 2.85 16.4 6.25 7577 
Thigh 1.80 ; 2.82 14.8 6.32 8886 
R 222 I I Shoulder 
Belly 
Thigh 
2.82 : 3.50 
1.88 : 3.17 
2.22 : 2.57 
17.2 
16.4 
12.4 
5.78 
6.32 
7.07 
10560 
7650 
4750 
lable I (continued) 
2 8995 I II ShOTilder 
Belly 
Thigh 
2.31 
1,84 
1,92 
3.36 s 14.4 ! 5.43 
2.95 ; 14.0 : 6.03 
2.95 ; 14.0 : 5.40 
16678 
5502 
10794 
R 278 I II Shoulder 
Belly 
ilhigh 
2.40 
2.10 
2.40 
2.84 ; 12.0 : 6.13 
5.24 : IS.6 : 5.30 
3.00 : 13.6 ; 5.91 
10800 
5120 
5931 
R 8102 II II Shoulder 
Belly 
Shi^ 
2.57 
2.48 
2.05 
3.08 : 13.6 : 6.13 
2.82 ; 15.6 : 6.69 
3.17 ; 1S.5 : 7.23 
8080 
9840 
5552 
H 21 II 1 Shoulder 
Belly 
Thigh 
2.54 
1.94 
2.40 
3.90 ; 13.6 : 5.53 
3.74 ; 15.2 ; 5.75 
3.14 ; 14.8 : 5.37 
8103 
3160 
5615 
3 87 II III Shoulder 
Belly 
Thigh 
2.84 
2.24 
2.40 
3.74 ; 14.0 : 5.59 
3.74 : 13.5 : 5.78 
3.74 : 14.0 : 5.96 
6169 
5971 
7200 
3 9118 II I ShOTilder 
Belly 
Thigh 
2.64 
2.08 
1.99 
3.12 : 14.4 ; 5.79 
2.80 : 13.6 : 5.98 
2.88 ; 12.8 : 6.50 
9376 
8336 
7738 
8951 II II Shoulder 
Belly 
Thigh 
2.64 
1.92 
2.08 
4.08 : 14.8 : 5.61 
2.71 ; 10.8 : 6.00 
2.88 : 14.4 : 5.79 
9702 
5568 
5032 
280 II III Shoulder 
Belly 
Thi^ 
2.88 
2.08 
2.56 
3.19 : 16.0 : 5.81 
4.08 : 14.4 : 6.65 
4.48 ; 12.4 : 6.43 
9885 
5568 
4545 
3 61 II II Shoulder 
Belly 
Thigh 
2.40 
2.24 
2.24 
3.00 : 14.0 ; 6.31 
3.30 : 13.6 : 7.22 
3.60 : 11.6 : 7.64 
5425 
3580 
4031 
3 446 II II Shoulder 
Belly 
Thigh 
2.94 
2.06 
2.51 
4.46 : 15.5 : 5.06 
3.16 ; 12.4 : 5.67 
4.80 : 12.0 ; 6.35 
9392 
4931 
5712 
3 379 II II Shoulder 
Belly 
Thi^ 
2.94 
1.63 
2.28 
4.36 ; 15,2 : 4.46 
3.16 ; 14.0 ; 5.28 
3.80 : 16.0 : 6.11 
5930 
5894 
5997 
3 104 II II Shoulder 
Belly 
Thi^ 
2.54 
2.54 
2.84 
3.44 ; 14.0 : 5-91 
4.20 : 13.2 : 6.85 
3.60 : 11.6 : 6.98 
5175 
4452 
5588 
3 356 II II Shoulder 
Belly 
Thigh 
2.51 
2.17 
2.52 
3.59 ; 16.0 : 4.54 
3.37 ; 15.6 : 6.71 
3.80 : 13.6 : 6.81 
7558 
5571 
7580 
3 447 II II Shoulder 
Belly 
Thi^ 
2.83 
2.06 
2.40 
3.80 : 14.8 ; 5.65 
3.92 : 13.2 : 5.83 
4.25 ; 11.6 ; 6.53 
12717 
4734 
6546 
3 385 II III Shoulder 
Belly 
Thigh 
2.62 
1.96 
2.72 
3.59 r 13.6 ; 6.22 
3.37 ; 14.8 ; 7.S5 
5.23 : 10.8 : 6.60 
9914 
5028 
5367 
ITable I (continued) 
3 260 III II Shoulder 
Belly 
Thigh 
2^16 
1.99 
2.16 
2.88 
3.43 
3.28 
13.5 
14.8 
13.2 
5.77 
6.91 
6.64 
10604 
5311 
6264 
E 2336 ,111 II Shoulder 
Belly 
Thigh 
2.40 
2.10 
2.54 
3.90 
0.44 
4.34 
10.6 
12.4 
12.8 
7.15 
6.34 
6.54 
8155 
4965 
5248 
H 13 III II Shoulder 
Belly 
Thigh 
2.70 
2.70 
2.84 
3.30 
3.14 
3.60 
14.8 
12.8 
12.4 
6.22 
6.17 
6.65 
5417 
3977 
4203 
a 283 III II Shoulder 
Belly 
Thigh 
2.54 
3.00 
1.80 
3.60 
O.90 
2.24 
12.4 
13.6 
13.6 
5.70 
5.61 
5.86 
5536 
4465 
5323 
R 281 III III Shoulder 
Belly 
Thi^ 
1.94 
1.34 
1.64 
2.70 
2.40 
2.54 
12.0 
10.4 
10.0 
6.78 
8.41 
8.47 
4510 
3741 
3940 
R 97 III 17 Shoulder 
Belly 
Thigji 
2.54 
1.80 
2.70 
3.00 
3.44 
4.34 
12.0 
14.0 
12.0 
6.33 
6.94 
7.30 
8878 
3147 
3322 
B 119 III 17 Shoulder 
Belly 
Thigh 
2.54 
2.24 
2.54 
3.90 
4.04 
3.60 
13.2 
14.4 
12.4 
6.18 
6.40 
6.13 
5993 
3102 
7415 
H 150 III II Shoulder 
Belly 
Thigh 
2.10 
1.94 
2.10 
2.84 
3.60 
2.40 
14.4 
14.4 
14.0 
6.24 
5.51 
6.48 
4262 
4010 
4122 
E 92 III IV Shoulder 
Belly 
Thigh 
2,40 
2.70 
2.70 
4.04 
3.60 
4.50 
13.6 
10.8 
12.0 
6.92 
7.02 
8.39 
10174 
7875 
4874 
3 19 III II Shoulder 
Belly 
Thi^ 
2.54 
2.40 
2.40 
3.44 
3.90 
3.90 
15.2 
15.6 
15.6 
7.03 
7.12 
7.91 
7479 
3508 
4545 
S 44r III III Shoulder 
Belly 
Thigh 
2.54 
2.10 
2.40 
3.44 
3.90 
3.60 
12.8 
14.4 
13.6 
6.79 
6.62 
7.52 
5981 
3239 
5595 
3 18 III III Shoulder 
Belly 
Thigh 
2.70 
2.40 
2.40 
3.60 
4.04 
3.44 
14.0 
14.8 
14.8 
6.75 
6.33 
6.65 
4877 
5137 
4653 
3 445 III III Shoulder 
Belly 
OSii^ 
2.83 
2.40 
2.28 
4.03 
3.70 
3.48 
14.8 
14.0 
9.6 
5.26 
6.10 
6.28 
9772 
6334 
5482 
3 U6 III II Shoulder 
Belly 
Thigh 
2«62 
2.17 
2.17 
3.48 
3.25 
3.37 
12.8 
12.8 
11.6 
5.75 
6.79 
6.41 
8400 
5874 
5820 
E 235 III III Shoulder 
Belly 
Thigh 
2.62 
1.85 
2.17 
3.80 
3.48 
3.80 
14.8 
12.4 
13.2 
6.07 
6.80 
7.76 
8929 
3877 
4007 
Table I (contimed) 
H 9043 III I Shoulder 
Belly 
Thigh 
3.43 
2.80 
2.80 
4.48 
4.08 
4.08 
14.0 
12.8 
15.2 
6.65 
7.11 
6.79 
5575 
6756 
7108 
B 449 III II Shoulder 
Selly 
Thigh 
2.52 
2.06 
2.28 
4.14 
3.26 
3.37 
13.6 
10.4 
13.2 
5.48 
6.59 
5.97 
5677 
5765 
3981 
3 448 III I Shoulder 
Belly 
Thi^ 
2.51 
2.17 
2.06 
4.46 . 
3.59 
3.59 
14.4 
12.8 
12.4 
4.97 
5.03 
5.67 
5132 
4165 
4283 
R 29 IV IV Shoulder 
Belly 
Thigh 
2.40 
2.24 
2.40 
2.84 
3.14 
3.44 
15.2 
12.0 
14.4 
6.46 
5.24 
7.56 
4329 
3900 
4112 
3 217 IV IV Shoulder 
Belly 
Thigh 
2.24 
1.94 
2.70 
3.44 
3.30 
3.74 
12.8 
14.4 
14.0 
6.20 
6.84 
8.48 
4480 
2553 
5515 
3 508 IV II Shoulder 
Belly 
$u.sh 
2.51 
1.74 
2.62 
3.80 
3.59 
3.80 
14.0 
12.4 
10.8 
6.52 
6.63 
8.69 
4823 
3135 
5239 
•ri 454 IV III Shoulder 
Belly 
Thigh 
2.94 
2.06 
2.72 
4.14 
3.59 
4.46 
16.0 
12.0 
10.8 
5.54 
5.56 
&.4S 
5384 
4610 
6429 
H X IV IV Shoulder 
Belly 
Thii^ 
2.40 
2.16 
2.16 
3.60 
2.83 
2.88 
13.2 
13.6 
15.2 
S.24 
5.79 
7.12 
6435 
5020 
3662 
2 269 IV III Shoulder 
Belly 
Thigh 
3.60 
2.88 
3.12 
4.56 
4*32 
4.55 
14*0 
9.8 
12.4 
6.48 
5.26 
6.89 
5008 
3709 
8676 
H Z IV IV Shoulder 
Belly 
Thigh 
2.76 
2.54 
2.28 
3.36 
3.84 
5.72 
14.0 
12.8 
12.0 
5.09 
5.87 
7.52 
5179 
5828 
4134 
I 
! 
I 
I Staple LengOi* As stated a"bove, all messxirefflQits of staple length. 
J 
j 
I trere corrected to twelve moaths* growth, for purposes of coniparison and the 
! 
following discussion is upon that hasis# 
The shoulder samples showed a variation of 1»9 inches to 5.5 inches 
in length of staple, the helly san5>les of l.S inches to 3.0 inches, and the 
thigh sazaples of 1.6 to 3.1 inches. 
Tahle II gives an average of the staple length measurements grouped 
j according to ranking. 
!ral)le II 
Average Staple Leagtli in Inches 
Fleece Hank ]?o. of Sheep Shoulders Bellies Thighs Average 
I 4 2.39 2.01 2.08 2.16 
II 13 2.66 2.10 2.39 2.39 
III 16 2.54 2.23 2.33 2.36 
17 7 2.69 2.23 2.57 2.49 
Ihers is a sraall correlation betsreen staple length and rank, 
{•233±«084), "but this aajr "be due to the fact that the difference in staple 
length "between ranks is small. The widest average difference in length be­
tween sanples froni any one body locality is less than hedf an inch and occurs 
in the thigh sai!5)le averages. Longer staple will result in greater weight 
and more financial return per fleece, other fleece characteristics being 
equsl. The reason differences in staple length sre not given greater consid­
eration by the judge here loay be because the rainiimixm lengths represented by 
the raeasurements were sufficient so that no particular class was penalized 
for beirig too short-stapled, and the maximum lengths were not sufficiently 
longer to cause the judge to offer much reward to a particular class for 
extra length. 
Fiber Length. The same individual sheep that showed the longest 
staple had the longest fiber. The shortest staple produced the shortest 
fiber. Since the fiber measurement was recorded with the fiber stretched 
sufficiently to remove the crimp, this indicates that in removing the crimp 
- 11 -
a fiber stretches in proportion to its length in the staple. There are a 
few exceptions to the above, but a coaparison of average staple lengths with 
average fiber leugths for all the sheep in each rank (Tables II and III) 
indicates this tendency, Figure I presents further evidence of the positive 
correlation between fiber length and staple length# 
Table III 
Averr^e Fiber Length in Inches 
Fleece Bank ITo, of Sheep Shoulders Bellies (JSiighs Average 
I 4 3.28 3,80 2.83 3.30 
II 15 3,54 3.41 3.79 3.61 
III 18 5-SI 3.56 2.52 3.53 
IV 7 3,G7 2.52 5.80 3.66 
- 12 -
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Jiaaieter of giter. Table IV shows on average diameter of wool fibers 
for each rank of the sheep in this erperiraent. 
fable IT 
Average KiaraGter of Fibers 
(in. ten-thoTisandths of an inch) 
Fleece Sank S'o. of Sheep Shoulders Bellies Thighs Average 
I 4 5.83 S.22 6.17 6.07 
II 13 5.58 5.27 6.48 6.11 
III 18 6.22 6.65 6.86 6.57 
IT 7 6.21 6.45 7.52 6.72 
It will be noticed that -ivith tT?o exceptions (bellj- samples. Rank IT, 
and shoulder samples. Rank II), the fibers average progressively as coarse 
or nore coarse in diameter as the rank is lo^^or* These differences are, how­
ever, in every instance less than one ten-thousandtii of sn inch. For the 
huaan eye to distinguish accurately' one'- ten-thouscndth, of an inch difference 
in the diaiaeter of wool fibers reauires- constant practice in handling wool. 
Diaaeter may, however, be correlated with some other nore easily distin­
guishable characteristic which will permit of sorting sheep on the basis of 
diameter of fiber T?ithout actually being able to distinguish between sxich 
fine neasurenents*. 
Another distinction, observed between samples when measuring the diameter 
of fiber was variation in the range of aeasureraent# For example, all of the 
shoulder fibers measured from sheep Ko# 15 fell within a range of 5 to 8, in­
clusive, while those from sheep Ho. 2556 extended from 5 to 15, inclusive. 
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The "belly fibers varied frora a range of 3 to 8, inclusive, for sheep No. a 
to a range of 4 to 16, inclusive, for sheep No. 281, The thigh, fibers varied 
from a Ttm^e of 4 to S, inclusive, for sheep 2Jo. 150 to a range of 3 to 17, 
inclusive, for sheep So. 446. Ihe examples given above are the maximaia and 
m-i'TilnMia ranges for the saaples fS-on each body location. 
She standard deviation is used here as a nee^iiTQ of the variability 
of the samples with respect to diojneter of fiher. The standard deviatior^ 
of the maxitam and niiniinaa soc^les nentioned above are given in Tahle T. 
Sable 7 
Maxicmn and Miniaron Range 
of Siameter Heasuraaents 
She^ 
Fo. 
Location 
of Sai!5)le 
Hange 
(ten-thousandths 
of an inch) 
Standard 
Deviation 
13 Shoulder 5 - 8  .848 
2336 Shoulder 5-15 2.017 
Z Belly 3 - 8  .743 
281 Belly 4-16 2.441 
150 OJhigh 4 - 8  .945 
446 ^Ehigh 3-17 2.700 
The increasing of the standard deviation as a result of a widened range 
of fi'ber diameter is readily apparent. 
la'ble YI gives the standard deviations of the coabined samples from 
all of the sheep in each class* 
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Table TI 
Standard Deviation of Fleece Hank 
Fleece 
Hank 
Bfo. of Sheep 
Included 
Standard 
Deviation of Rank 
Coef. of 
Variation 
I 4 1.241 .204 
II 13 1.549 .253 
III 18 1.543 .235 
IT 7 1.764 .264 
The standard deviation for rank II is 24.8^ and for rank III is 24.3^ 
greater than for rank I, tshile the standard deviation for rank IV is 42»1^ 
greater than for rank I. From this we may asstime that standard deviation is a 
fairly reliable expression of the difference in ran^^e of diameter existing 
between the samples. A coefficient of variation obtained by dividing the 
standard deviation by an average for the class might be considered a more 
desirable measure. The coefficients of variation show the same tendency as 
the standard deviations, only in a somewhat less degree in the case of class 
III. 
Criraps per Inch. The number of crimps or curls in a given length of 
of fiber have generally been thought to be greater with finer fibers. The 
range of crimp and an average number of crimps for each fleece rank and body 
location are shown in Table 711. 
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Table VII 
Banse and Average Sunber of Crimps per Inch 
Fleece 
Hank So. of Sheep 
ShOTilder Belly Thigh 
Aver. Eo. 
of Crimps 
All 
Samples Kange Aver. Hange Aver. Eange Aver. 
I 4 12-17 14.8 13-16 15.1 12-14 13.7 14.5 
II 13 13-16 14.6 10-15 13.8 11-16 13.0 13.8 
III 18 10-15 13.5 10-15 13.2 9-14 12.6 13.1 
IV 7 12-16 14.1 9-14 12.5 10-14 12.4 13.0 
Althoush the ranje of crimp appears at first inspection to lack defi­
nite order, it will Tse noticed that the greater number of crimps are in the 
higher rankings and the lesser number of criit^js are in the lower rankings. 
The average crimps per inch for each fleece rank en^hasizes the progressive 
lessening of crimps per inch as the rank becomes lower. 
Since the fibers are coarser in the lower ranks and are also less 
crimped, we would ezpect to find a negative correlation between diameter of 
fiber and crimps per inch. The coefficient of correlation between crijaps and 
diameter, using the three samples from each sheep, is -.321 i.OSl. Davenport 
and Hitzman found a correlation of -.216 dr.094 between crimp and diameter in 
Rambouillets (5). 
Density. The density studies show a very definite association between 
density and rank of fleece. Degree of density is probably more easily recog­
nized by a judge than is diameter of fiber or crin^), but is more difficult 
for the judge to determine than staple length. It appears from this study 
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that ¥x» King was readily able to deternine the density of a fleece and that 
he placed considerable emphasis upon density in his rankinss. An average 
density of the samples "by ranlcs is given in Table YIII. 
Table Till 
Average Calculated Density of the Sanples by Fleece Eanics 
Fleece Hank So. of Sheep Shoulders Bellies Thighs Average 
I 4 11,958 6,462 7,590 8,670 
II 13 8,248 5,272 5,924 6,481 
III 18 7,120 4,797 5,010 5,643 
IV 7 5,253 4,491 5,135 4,980 
The fotir sheep represented by rank I have been placed as chan^iions, 
firsts, and seconds at the International Livestock 2s5)osition and at the 
Kansas City Royal, in the individaal show classes. The average density of 
fleece for the three samples from the foixr sheep in rank I was 8,670 fibers 
for a half inch square, or 34,680 fibers per square inch. Hank I averaged 
74^ more fibers for a given area than rank IT. 
Density is negatively correlated with diameter of fiber (-.530±.079). 
Density is also correlated with crimp (.255±r.083). It will be recalled that 
crimp is correlated with diameter of fiber {-.321±.081). We would expect 
these simple correlation coefficients to be of similar magnitude. Purebred 
Hambouillets of the quality used for this research should all tend to show 
a considerable degree of density, of fineness and of crin^) and therefore a 
relationship similar to that indicated by the above correlation coefficients. 
Uniformity. In the selection of breeding sheep, uniformity of fleece 
over different parts of the hody may be a factor. Hanufacturins processes 
with wool reauire uniforraity of diameter in the ras^ prodact (14). A varia­
ble raw product requires a greater amount of sorting, entailing an expense 
to the manufacturer which is no doubt reflected in the price received by the 
prod.ucer of the wool. Aside from the excellence of the sheep in each wool 
characteristic, then, we should imow how uniform the appearance of each es­
sential characteristic is in the body localities studied. 
A table of points {Table IX) has been prepared which includes all of 
the wool factors studied in this research. A value of 0 has been assigned 
to the sheep showing the least range for each fleece factor and a value of 
10 to the sheep showing the widest range for each factor as measured in this 
experiment. The inter-grades between 0 and 10 are Aole or decimal numbers 
as required. Table IX is compiled on the assumption that each of the charac­
teristics studied (range of staple length, fiber length, crin^), fineness, and 
density) carries equal weight as a factor in uniformity. That is, uniformity 
of staple length is considered equal in importance with uniformity of dianeter 
or any of the other characters. 
2a33l© IX 
Points Showing Uniformity of V7ool 
! 
Sheep Hack of Hange of Hange of Eange of Hange of Eange of s 5otal | 
No, Fleece Staple Length Fiber Length Criiap Diameter Density Points i 
8921 I 10.000 4.292 2.500 .316 1.798 18.906 
222 I 6.250 3.875 9.167 4.993 5.318 29.603 
8995 I 2.579 1.709 0.000 1.337 10.000 15.625 
278 I 1.250 10.000 2.500 1.705 4.968 20.423 
8102 II 2.969 1.459 3.334 3.424 3.593 14.779 
21 II 3.594 3.167 2.500 1.442 3.378 14.081 
87 II 3.594 0.000 0.000 2.606 2.725 8.925 
9118 II 3.985 1.334 2.500 2.748 1.268 11.835 
8951 II 4.532 5.709 7.500 1.269 3.553 22.563 
280 II 5.157 5.375 6.667 1.705 3.925 22.829 
61 II .157 2.500 4.167 2.516 1.458 10.798 
446 II 5.782 6.834 6.667 7.223 3.852 30.358 
379 II 9.141 5.000 3.3S4 5.819 1.694 24.988 
104 II 1.250 3.167 4.167 4.415 .626 13.625 
356 II 2.422 1.792 4.167 5.976 1.608 15.965 1 
447 II 4.922 1.875 5.834 5.729 7.077 25.437 
385 II 4.844 7.750 7.500 4.437 4.242 28.773 
260 III .235 2.292 2.500 4.783 4.614 14.424 
2336 III 2.544 3.750 3.750 4.708 2.697 17.249 
13 III 0.000 1.917 4.167 0.000 1.087 7.171 
283 III 8.282 6.917 1.667 1.802 .748 19.416 : 
281 III 3.594 1.250 3.334 10.000 .290 18.468 ^ 
97 III 5.938 5.584 3.334 1.269 5.015 21.140 
119 III 1.250 .584 3.334 1.097 3.717 9.982 
150 III .157 5.000 0.000 .436 0.000 5.593 
92 III 1.250 3.750 5.000 5.976 4.621 20.591 
19 III 0.000 1.917 5.334 6.082 3.312 14.645 
44 III 2.344 1.917 2.500 2.305 2.279 11.345 
18 III 1.250 2.500 .834 2.838 .212 7.634 
445 III 3.204 2.292 10.000 5.301 3.696 24.493 
116 III 2.422 .917 1.667 2.088 2.131 9.225 
235 III 6.329 1.334 4.167 2.981 4.393 19.204 
9043 III 3.829 1.667 1.667 3.694 .257 11.114 
449 III 3.282 3.667 5.834 6.322 1.402 20.507 
448 III 2.422 3.625 3.334 3.176 1.569 14.126 
29 IV .157 2.500 5.834 4.513 .162 13.166 
217 I¥ 4.844 1.834 2.500 6.382 2.472 18.032 
508 IV 5.782 .875 5.834 9.407 1.695 23.593 
454 IV 5.782 3.625 10.000 5.158 1.434 25.999 
X IV .782 3.000 0.000 7.193 2.308 13.283 
269 IV 4.532 1.000 7.917 5.094 4.316 20.859 
Z IV 2.657 2.000 3.334 3.672 1.320 12.983 
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Table IX shows that the most imifom sheep, as determined by this 
method, was No. 150, which was in rank III. Sheep ^ o. 150 showed the minitnom 
raaige for criiap and density, a ran^je of less than one-tenth of the maxiimzm 
for staple len^h and fineness of fiber, a range half way between the mini-
mcan and raaxinicna for length of fiber and total points of 5.593. The second 
most "oniform sheep was ITo. 13, also in rank III, and the third most uniform 
was ITo. 87 from rank II» 
An average score for all factors in tmiformity of all the sheep in 
each rank shows: 
Bank I............ 21.389 
Bank II . 18.842 
Bank III » . 14.795 
Bank IT . 18.273 
Ihis ranking is almost in inverse relationship to the rankings of the 
fleeces according to their excellence by Hr. Sing. Mr. King has freq.uently 
remarked upon the importance of uniformity of fleecing or evenness of cover­
ing. For example, in the ITational Iffool CJrower (15) Mr. King is quoted as say­
ing: "Candland*s ewe which stood second could have been placed first without 
criticism, but the finer fiber, crimp, eveiaiess of covering, and feminine type 
of the Madsen ewe appealed to my judgment." Some of the wool characteristics 
must be of more importance than others in deciding the evaluation of uniform­
ity. Table X gives an average of the points for each raidc and range as 
shown in Table IX. 
fable X 
Averages of Hanks from Table IX 
Fleece 
Rank 
Range of 
Staple Length 
Range of 
Piber Length 
Range of 
Crimp 
Range of 
Diaiseter 
Range of 
Density Total 
I 5.019 4.969 3.542 2.088 5.521 21.389 
II 4.027 3.535 4.487 3.793 2.999 18.042 
III 2.674 2.827 3.357 3.603 2.336 14.795 
17 3.219 2.119 5.060 5.060 1.958 18.273 
As shown "by (Table X, the only characteristic with a range value which 
nearly follows iar. King^s ranking is that of diaaeter of fiber. The range 
of diazaeter in rank I¥ is two and one-half times as great as in rank I and 
the intenaediate ranks are between ranks I and IT. Here is evidence that 
range in diameter of fiber is a very inmortant, if not the important, char­
acteristic considered by i3r. Zing under xmiformity in judging Raobouillet 
fleeces.• 
There are reasons why an efficient judge might not place much emphasis 
on uniformity of staple length, fiber length, or density. The length of 
staple and fiber are so tampered with in fitting show sheep that a jxidge 
•The method used above for determining range does not take into ac­
count relative differences in the basic measurements for each characteristic* 
There was foxand to be, hov/ever, only a small difference between an average of 
the ranks for a given factor by the two methods. The above method was there­
fore selected because of its greater sia^ilicity. The actual average differ­
ence in range for fiber diameter by the two. methods is shown below. 
Rank I 
Hank II 
Rank III 
Rank IV 
Relative 
1.S37 
3.568 
2.738 
5.200 
Method Used 
2.088 
3.79S 
3.603 
5.060 
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might attribute differences in length on different body localities to the 
shepherd's shears rather than to nature's tendency* From the writer's ex­
perience in watching Haabotd-llet jtidgins, it is doubtful if a judge inspects 
the fleece for density in more than one place. In this research such indi­
cations of density as face, leg, and belly coverizjg are considered under 
type or rpxking of the sheep, and the laboratory density studies do not dif­
ferentiate between different degrees of completeness of covering on the 
sheep. The judge's ranking and the ran^e of density tend to nove in oppo­
site directions, as is shown in Table Shis is further evidence that den­
sity as such, disregarding the characteristics implied by covering of wool, 
is determined by examining the fleece on only one or two body localities. 
Hange in density is of no importance to the manufacturer* 
Hange of crimp may have been considered important by the judge. 
Crimp is related to diameter of fiber in the sheep studied here and the range 
of crimp may have assisted the judge in determining the range of diameter. 
Combining range of cring) with range of diameter for the four ranks, the point 
value of the ranks becomes: Sank I, 5.63; Rank II, 8,28; Hank III, 6.96; 
Hank IT, 10,12, Hanks II and III do not follow in exact order, but they lie 
between ranks I and 17. 
In a further effort to determine which of the ranges of the charac­
teristics studied had the greatest bearing on fleece uniformity, each differ­
ent characteristic was correlated with fleece rank. The correlation coeffi­
cients obtained are small as compared with their probable errors. Four 
fleece ranks may be too small a number to permit of reliance on these coef­
ficients. The characteristics with their coefficients are; 
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Range of diainete: 3221:. 128 
Range of crimp 078±.153 
Hange of staple length 128 ±.147 
Hange of fiher length 352 ±.135 
Range of density 420±.127 
Ueither of the positive coefficients is significant in the li-;ht of 
its proljahle error, ixon. the infornation in Table IX, cctabined with that 
obtained from the above coefficients, it appears that range of diameter may 
have been the only characteristic examined for variation as a determiner of 
uniformity of fleece* 
Because of the practice of oiling Rambouillet show sheep and becaiose 
it is believed that feed has an effect upon the q.uantity of oil secreted by 
the skin, it was thou^t expedient to confine the scouring studies to the 
eleven head of sheep owned by the University. These eleven sheep were fed 
identically, had never been fitted for shoving, and were all shorn during the 
same week, both in 1S25 and 1926. i?hen shorn in 1926, a composite sample of 
each fleece was secured for the scouring test and the weight of the fleece 
recorded. 'Ihe results of the test are given in Table XI. 
Scouring 
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Table JCt 
Scouri32g Record - 12 Souths* Growth from Sleven Sheep 
Sheep 
Ho. Sex 
Hank of 
Fleece 
Pounds 
Shorn 
Vi/t. of 
Grease 
Sample 
{ounces) 
'At. of 
Clean 
Sample 
(ounces} 
Per Cent 
of 
Clean 
Wool 
Lbs. Clean 
VvOOl 
in 
Fleece 
446 3 II 16.00 12.75 7.00 50.91 3.1454 
447 E II 16.00 9,50 4.75 50.00 8.0000 
445 E III 16.00 8.50 3.75 44.12 7.0587 
279 3 II 14.00 10.75 5.00 46.51 6.5116 
448 E III 15.50 9»25 3.75 40.54 6.2838 
454 3 17 1.2 m 2s 10.25 4.75 46.34 5.6768 
356 2% II 12.50 3.50 3.75 44.12 5.5146 
449 3 III 11.00 10.50 5.25 50.00 5.5000 
116 S III 13.50 14.50 5.75 39.66 5.3334 
385 3 II 14.50 9.50 3.50 56.84 5.3418 
255 E III 15.50 9.50 3.25 34.21 5.3026 
The nmber of sheep iised in the scoTiriiig test was necessarily small. 
On the hasis of yield of clean wool an average for the rariics was: Rank II, 
6.70 pounds; Rank III, 5.90 pounds; Hank IT, 5«68 pounds. The ranks follow 
in order. There was, however, a wide variation "both in percentage of clean 
wool yielded and in poimds of wool shorn, "by fleeces of the same rank. These 
meagre figures surest that a competent judge may "be a"ble to balance up the 
two factors, weight of fleece and scouring percentage, so as to arrive at 
the third factor, clean wool yielded in pounds. 
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Sank of the Sheep 
!Hie raskisss of the sheep on type aM oonfornation not taking into 
accoTjat fleece characteristics, do not properly "belorg to this study. The 
rankings of the sheep are hased upon such characteristics as size, vigor, 
aotton tendency, sexuality, "breed type, and quality. The ranking of the 
sheep independent of fleece is included in Table I to demonstrate that, although 
the Hanibouillet is known as a wool sheep, characteristics other than the wool 
play a part in the ranking decisions of the judge. The correlation between 
rank of sheep and rank of fleece is •544±:*108. This indicates a fairly 
positive relationship "between the sheep as individuals and the fleece on 
those sheep when each is considered separately. 
It is quite possi"ble that a competent sheep judge who has carefully 
examined a group of animals and ranked them in conparative excellence nay 
not know which characteristic, and to what extent each characteristic, in­
fluenced his final ranking to the greatest degree. A multiple correlation 
table was prepared, correlating the six characteristics {staple length, fiber 
length, crinp, diameter, density, and unifonaity) with the rankings of the 
fleeces. It was hoped that the relative influence which each of the charac­
teristics carried in lir. King's rankings could be determined from this mul­
tiple correlation. The value of the result is doubtful. Pour ranks or 
classes of fleeces may present too sraall a number for the result of the cor­
relation to be significant. S •• • 766±.551, and the size of the error con­
firms a doubt as to the reliability of this method. A point value for each 
of the Beta coefficients from the multiple correlation gives the following: 
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Characteristic '.Teight 
Density ..... 41.55 
Cria^ .......... 52.64 
Uniforraity ........ 10.63 
Staple lei^h ...... 5.94 
Fi"ber length 4.71 
Fineness 4.53 
100.00 
In a further effort to determine the relative emphasis placed upon 
each characteristic, simple correlation coefficients were calculated between 
each of the characteristics and the fleece ranks. The results of these simr-
ple correlations are shown Figure 2. Y/ith either of the above methods 
density sind crimp, in the order named, are the important characteristics 
examined. It may be possible that crimp is used as an aid by the judge for 
determining fineness. As pointed out earlier, crimp and fineness are corre­
lated. The difference in crimps per inch between racks I and lY was one and 
one-half crin5>s per inch or 5%, while the difference in fineness between 
ranks I and 17 was .00006 of an inch or .9^ The percentage difference be­
tween ranks I and 17 is more than three times as great in the case of crimp, 
and since both of the measurements are visual in nature, the readiness of 
determination should be similar for each. It is, however, easier for the eye 
to distinguish a difference of one and one-half crinips per inch of fiber than 
a difference of .00006 of an inch in fiber diameter. This fact was demon­
strated in the wool laboratory in connection with the experiment reported here. 
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The difference "between individual sheep was not large, either in 
staple length or diameter of fiter. The range in both of these character­
istics was so small that probably neither extra credit or faiilt was entered 
for them by lir. Sing v/hile makiEg the rankings. 
f • 
r-r sr= liai+&5S-t-| 1 
r-6r--^ 
F/6er f^ap/e U/nformitjf f'/xnus Cr/mp Densiry 
F/6.2.. 6IMPLE CORRELATION BETWEEN EACH OF THE 
>5IX CHARACTERHTIC^ AND RANK OF FLEECES 
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SiuTEnary 
1. A study lias "been made of seven factors which affect the quality 
of, and yield of wool from, p'are"bred Rambouillet fleeces. These factors are 
length of staple, len^^h of fi"ber, fineness, density, crin^), uniformity, and 
scouring characteristics. 
2» The fleeces studied were judged on the sheep and placed in one of 
four ranks. Each sheep ivas separately placed in one of four ranks on charac­
teristics other than fleece. 
•« 
3. Length of staple was inverse to the fleece rankings of the judge. 
An average difference in staple length "between the highest and lowest ranks 
was three-tenths 'of an inch. 
4. The length of the stretched fi"bers show a direct relationship to 
the length of staple. On an average the staple lengths were 56.54^ of the 
fil>er lengths. 
5. The higher ranks of fleeces were finer in fi"ber than, the lower 
ranks. Shoulder samples were generally finer than belly samples and "belly 
samples finer than thigh samples. An average difference in diameter of fi"ber 
between the highest and lowest ranks was .00006 of an inch. 
6. The range of diameter of fiber by ranks expressed as standard de­
viations varied from 1.241 for rank I to 1.765 for rank 17. The narrowest 
range of diameter was found in the shoulder samples, the widest range in the 
thigh saa^les. 
7. The finer fibers were more criaiped. There was an average of 1.5 
more crimps per inch in rank I than in rank I"V. 
8. The averaged samples from rank I fleeces yielded 74^5 more fibers 
for a given area than the averaged samples from rank 11• 
9. The raiirdLng according to uniformity of fleece over the parts of 
the "body studied was dependent mf.inly upon range of dimeter of fiher. Range 
of crimp may also have had some bearing upon the judge's determination of 
fleece uniformity. 
10. There ims a -sTide variation in the percent&fje of scoured wool 
yielded from the different fleece ranks. The rankings of the judge indicate 
that he was able to determine with some accuracy the yield of clean wool 
from the eleven fleeces included in this report. 
11. In this study there was a correlation "between the fleece rank 
and the sheep rank, althou^ in making the sheep rankings fleece was not 
considered. 
12. Daasity, crimp, and diameter were apparently given more vreight 
"by the judge in making his rankings than were uniformity, staple length, and 
•y 
fi"ber length. The number of crimps per inch may have been used by the judge 
as a measure of fineness. 
. Conclusions 
A twelve months* staple length, the thigh and shoulder of which aver­
age 2.23 inches, is acceptable in shof; Hambcuillet sheep. 
'fool fibers from the sheep in this experiment generally stretched 
very nearly in relation to their staple length. 
Diameter of fiber in Hamboxiillets is correlated vj-ith density and with 
crin^Q, both of which are more readily discernible than diameter in wool fi­
bers. Fibers from the more desirable fleeces will average between .00055 and 
.00065 of an inch in diameter. 
i There is considerable variation in the diameter of fibers from differ-
i 
I ent parts of the bodies of Sambouillets. Greater variation occurs in the 
1 
I thigh samples than in the shoulder or belly samples. . The thigh or breech 
J 
i 
i generally consists of coarser fibers than the shoulder or belly, 
i In Rambouillets the finer fibers are more crimped. Twelve to seven-
I teen crimps per inch are average limits for shoulder samples from the better 
i I 
I sheep studied here. 
I IDensity of fleece is an important factor in selecting Hambouillets. 
i 
I The better sheep may show two or three times the density of fiber found in 
j 
i individuals of less excellence. A density of 34,000 fibers per square inch 
i is an average for the better individuals studied here. 
Range of diameter in fiber is probably more importEint in determining 
the relative merit of a fleece on the sheep than are the ranges of staple 
j " 
length, fiber length, number of crimps, or density. 
i Density of fiber on the skin area and number of crimps per inch are 
' • • • • ' " "" " I I . I ' • • - - - ,1 ,, 
J 
two characteristics of major importance to be considered in the selection of 
I Hambouillet stud sheep that have a minimum staple length of 2.2 inches. 
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